Pivotal molecular determinants of peptidic and collagen triple helicase activities reside in the S3' subsite of matrix metalloproteinase 8 (MMP-8): the role of hydrogen bonding potential of ASN188 and TYR189 and the connecting cis bond.
The mechanism of triple helical collagen unwinding and cleavage by collagenases in the matrix metalloproteinase (MMP) family is complex and remains enigmatic. Recent reports show that triple helicase activity is initiated by the hemopexin C domain of membrane type 1-MMP, whereas catalytically inactive full-length interstitial collagenase (MMP-1) exhibits full triple helicase functionality pointing to active site determinants that are needed to complete the triple helicase mechanism. In MMP-8, the neutrophil collagenase, a conserved Gly at the S(3)' substrate specificity subsite is replaced by Asn(188) that forms a highly unusual cis bond with Tyr(189), a conserved active site residue in the collagenases. Only in MMP-1 is the S(3)' Gly also replaced, and there too a cis configured Glu-Tyr occurs. Thus, this high energy peptide bond coupled to the canonical Tyr may be important in the collagenolytic process. In a systematic mutagenesis investigation of the MMP-8 S(3)' subsite we found that introducing an S(3)' Gly(188) into MMP-8 reduced collagenolytic efficiency by approximately 30% with a corresponding reduction in cleavage of a synthetic peptide fluorescence resonance energy transfer substrate analogue of the alpha2(I) collagen chain cleavage site. The substitution of Asn(188) to Leu, a hydrophobic residue of similar size to the highly polar Asn and designed to retain the cis bond, revealed the importance of hydrogen bonding to bound substrate with both collagenolytic and peptidic activities reduced approximately 3-fold. In contrast, the specificity for type I collagen of the mutant Y189F dropped 3-fold without any significant alteration in general peptidase activity. Therefore, S(3)' and in particular the hydrogen bonding potential of Tyr(189) is a specific molecular determinant for MMP-8 triple helicase activity. The cis bond connection to Asn(188) juxtaposes these two side chains for closely spaced hydrogen bonding with substrate that improves collagenolytic and general catalytic efficiency that could be exploited for new collagenase-specific inhibitor drugs.